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74 Specificity of Enzyme Action [Ch. 4

No single one of the hypotheses discussed in sections 4.3-4.5 is able to account
for the features of catalysis and specificity observed in all enzyme-catalysed
reactions. Moreover, in some cases at least, a contribution from more than one of
these factors appears to be present.

The induced-fit and strain/transition-state stabilization mechanisms are not
necessarily mutually exclusive. If the active site of an enzyme has a floppy structure
and moulds itself around the substrate during the binding process, then distortion of
the substrate would be unlikely to occur. However, a more precise conformational
change taking place in the protein during the binding of substrate could result in
some degree of strain being present in the latter. In either case, the enzyme-
substrate complex formed could possess internal stress and thus assist the
subsequent reaction by transition-state stabilization. The mechanism for the
hydrolysis of peptides by papain appears to involve a conformational change in the
enzyme in addition to either a strain or transition-state stabilization factor.

In general, irrespective of the mechanism of an enzyme-catalysed reaction, the
major factor governing specificity is the stability of the enzyme-bound transition-
state which exists during the conversion of enzyme-bound substrate to products. A
potential substrate which can form a relatively stable transition-state when bound to
the enzyme will be converted to products at an appreciable rate. This was first
pointed out by Pauling in 1948 and has since been confirmed by experiments with
transition-state analogues. These are stable compounds which resemble the
transition-state compounds thought to be formed as part of a reaction sequence.
Such analogues have been shown to bind very tightly to the active sites of the
appropriate enzymes, more tightly in fact than the corresponding substrate or
products.

The investigation of transition-state structure is difficult because it occurs only
transiently under normal conditions. However, if a reaction is carried out at low
temperatures (e.g. at —21°C in aqueous dimethyl sulphoxide), the lifetimes of
intermediates are extended and their structures may be studied by techniques such
as NMR. This is termed cryoenzymology.

SUMMARY OF CHAPTER 4

Enzymes exhibit chemical and stereochemical specificity with respect both to
substrates and products. Such specificity requires at least three different points of
interaction between enzyme and substrate. Each substrate is bound to the enzyme at
specific sites to form an enzyme-substrate complex in which reacting groups are
held in close proximity to each other and to catalytic sites. That region of the
enzyme’s three-dimensional structure which contains the substrate-binding sites
and the catalytic sites is termed the active site.

According to the Fischer lock-and-key hypothesis, the active site has rigid
structural features which are complementary to those of each substrate. In contrast,
the Koshland induced-fit hypothesis suggests that at least some active sites are
flexible, possessing a structure complementary to that of a substrate only when the
latter is bound to the enzyme.
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